Background: Laparoscopic anti-reflux surgery (LARS) is generally the treatment of choice for patients with gastroesophageal reflux disease (GERD). This report describes our experiences in performing LARS on patients with GERD, and focuses retrospectively on the pathophysiology of individual patients and the current status of Japanese patients who have undergone LARS. We demonstrate that patients with non-erosive reflux disease resistant to proton pump inhibitors (PPI-resistant NERD) and high-risk giant hernia, whom we are sometimes hesitant to treat surgically, can be safely and successfully treated with LARS (depending on the pathophysiology of individual patients).
Introduction
Laparoscopic anti-reflux surgery (LARS) is widely performed as the preferred surgical treatment for gastroesophageal reflux disease (GERD). Esophageal surgeons have reached a consensus on current indications for LARS, and these conform to the guidelines of the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 1 . The number of patients undergoing LARS at our hospital for unusual types of GERD has been increasing. These include patients undergoing LARS for nonerosive reflux disease (NERD) resistant to proton pump inhibitors (PPIs), and older patients with mixed-type giant hernias presenting with aspiration pneumonia or dysphagia. Because the demographic and clinical characteristics of these patients differ, so too should indications and operative procedures, which should depend on the clinical status of individual patients. Concerning this issue, no evident distinctions have been reported, which has sometimes led to confusion among surgeons and physicians.
The symptom response rate of patients with NERD treated once daily with PPI for 4 weeks is reported to be 56% 2 , which is significantly lower than the response rate of patients with erosive esophagitis (EE) 3 . Therefore, surgical treatment is recommended for patients with PPIresistant NERD 3 . This condition cannot be diagnosed with endoscopy, so combined multichannel intraluminal impedance (MII)-pH examination is necessary for definitive diagnosis. Patients with giant hiatal hernias have different characteristics from patients with other types of GERD, in that the former tend to be older and more debilitated.
Herein, we describe our experiences of performing LARS on patients with unusual types of GERD, and the current status of Japanese patients who have undergone LARS. The main aim of this study was to retrospectively evaluate the patients' demographic and clinical characteristics, the results of preoperative examinations, and the indications for and outcomes of LARS. The secondary aim was to demonstrate that patients with PPI-resistant NERD and high-risk giant hernias, whom we are sometimes hesitant to treat surgically, can be safely and successfully treated with LARS, depending on the pathophysiology of individual patients.
Patients and Methods
All procedures were in accordance with the ethical standards of the relevant committees on human experimenta- 
Study Endpoint
The study endpoint was to clarify the differences in patients in Group N and in 9 of 19 in Group B.
The most frequently observed subjective symptom in Group B was dysphagia, with 7 of the 19 patients requiring emergency surgery. In contrast, heartburn and chest pain were predominant in Group A, whereas patients in Group N manifested a variety of symptoms (P<0.001).
Anti-reflux procedures in Group A included Nissen Table 3) .
There were no significant differences among the 3 groups in intraoperative bleeding or duration of surgery. and discharge from the hospital. For PPI medication before and after the operation, there were no significant differences among the 3 groups.
Discussion
We analyzed the characteristics of patients who underwent LARS at our hospital, subgrouped by pathophysiology. Although the total number of patients was small, the characteristics of the 3 groups showed definite tendencies. The patients in Group B were significantly older (median age, 75.9 years) than those in the other 2 groups, as well as being older than patients in western countries who undergo surgery for giant hiatal hernias (mean age, 59 72 years) 8 10,11 . LARS is less frequently performed in Japan than in western countries, with <200 patients per year in Japan undergoing this operation 12 , the main reasons being that severe esophagitis is uncommon in Japan 13 and that Japanese surgeons are not yet accustomed to performing LARS. Thus, Japanese patients generally undergo this operation only after the disease has progressed significantly, whereas western patients may undergo surgery during earlier stages of the disease.
The patients in Group A were significantly younger than those in the other 2 groups, but were similar in age to patients in other Japanese studies of NERD 14 16 . Although epidemiological studies do not show any agerelated increase in the prevalence of GERD symptoms, the real prevalence of GERD may well increase with age 17 . The pathophysiology of NERD includes hypersensitivity in the proximal esophagus, with symptoms possibly caused by increases in reflux volumes, which cause distension and defects of secondary peristalsis 18 . This pathophysiology might be unaffected by aging.
A meta-analysis of 20 studies reported a positive association between increased body mass index (BMI) and . Furthermore, the prevalence of a defective lower esophageal sphincter (LES) was reported to be higher in patients with higher BMI, with obese patients being more than twice as likely as normal weight patients to have a mechanically defective LES 20 . The mean BMI of our patients was within normal limits, which is consistent with previous reports about Japanese patients with GERD 15, 16 . Thus, despite the generally accepted role of obesity in the pathophysiology of GERD, it would appear that it is not caused by obesity alone and that more complicated mechanisms are involved.
LARS for paraesophageal hiatal hernias is a challenging procedure 21, 22 , with most patients being older individuals with a higher risk of postoperative complications 11, 23, 24 . Accordingly, LARS for these patients is associated with higher mortality and morbidity rates than LARS for non-elderly GERD patients 23, 25 . In our study, the . There were not as many patients who needed PPIs in our study; however, we also observed an increased risk of the need of PPIs over time. This would result in declining future satisfaction levels, so we think we should monitor our patients on a long-term basis.
One important limitation of this study was the small number of patients, especially when compared with studies from western countries. However, LARS is performed less frequently in Japan, especially in patients with PPIresistant NERD, making it difficult to enroll large numbers of patients in these groups. Evaluation of additional patients, including multicenter studies, is needed to determine the characteristics and surgical outcomes of LARS in Japanese patients.
In conclusion, the characteristics of patients who underwent LARS at our hospital differed according to their pathophysiology, and also from those of western patients. Laparoscopic surgery for giant hiatal hernias, which is regarded as a challenging procedure, resulted in satisfactory outcomes despite unfavorable preoperative conditions. We attribute this to our policy of selecting Toupet fundoplication to prevent postoperative dysphagia that might cause aspiration pneumonia, especially in frail elderly patients. Patients with PPI-resistant NERD were younger and had a higher preoperative prevalence of mental disturbance. Good outcomes in these patients likely resulted from the strict indications for LARS. Overall, LARS was useful in the treatment of GERD patients at our hospital, but we believe determining the pathophysiology of individual patients is essential for satisfactory outcomes.
